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During the last ten years a considerable number of boiler 
rials have been made at the University of Illinois. Many of these 
have been made under the boilers in the power plant of the Uni- 
ersity. Still other trials have been made with boilers in use at 
he plants in neighboring cities. In some instances experts rep- 
esenting several special stoker and furnace companies have been 
‘resent at these trials and operated the devices in which they 
vere interested. For the most part, however, the tests have been 
nade in order to instruct students in the usual methods of boiler 
esting, and the boilers themselves have been operated under such 
sual conditions as happened to obtain. In some of the earlier 
ests all of the data relating to the heating value of the coals were 
ot obtained, and for such tests several items depending on these 
ralues are necessarily omitted. While in most cases these tests 
ave not been made with the object of making a comparison of 
yoals or of appliances, nevertheless, it has seemed wise to publish 
he results obtained and also to exhibit these results side by side 
ws they apply to various forms of furnaces, types of boilers or 
finds of coal. It is entirely probable that the results obtained are 
qual to those generally obtained under the varying conditions of 
vhants using Illinois coals. Many more boiler trials have been 
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made than are here reported, but only such are included in thi 
report as ‘appear to be free from any indications of errors 1 
methods or results. For the purpose of this bulletin all of the 
results of the tests have been carefully rechecked. 

The work of the department of Applied Chemistry has not 
only supplemented the work relating to boiler trials by furnish- 
ing the composition and heating value of the coals used in these 
trials, but it has also examined and tested a large number of Tie 
nois coals not yet tested under boilers. In connection with thi 
subject this department has perfected several new devices very 
useful to chemists and engineers, designed for making the ordin- 
ary determinations of the heating values and composition of coals. 
The Parr calorimeter, one of these devices, has found ready sale 
among the operators of many of the power plants of the country 
as well as among the consulting chemists and fuel experts. It is 
expected that a separate bulletin will soon be published setting 
forth in detail many of the new methods which have been devel 
oped by this department, and giving the complete results of it 
investigations relating to Illinois coals. It is hoped that the 
tables of the chemical composition and heating values of Ilinois 
coals, which form a part of this bulletin, will furnish engineers 
and manufacturers with useful information in this important field. 

With the above somewhat general statement in explanation 
of the character of this bulletin, it may now be advisable to refer 
more in detail to the special features which are intended to be 
brought out in the following pages. : 


BoILER TESTING ¥ 


For many years engineers have been making ‘“‘boiler tests” 
with the object of finding out how many pounds of water in the 
boiler could be evaporated with one pound of coal. In order that 
the results of the tests might be comparable, it became evident 
that some common method of making tests should be agreed upon 
and also that the tests made should be reported in a uniform 
manner. A committee of the American Society of Mechanical 
Engineers recommended to that Society in 1899 a method of test- 
ing boilers and also a method of reporting such tests. These 
methods have been largely used since their recommendation at 
that time. The many expert engineers who are to-day so familiat 
with these methods will probably not be interested in the pages 
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nmediately following. Having in mind the owners and operators 
f power plants as well as manufacturers and young technical 
sudents, it has seemed worth while to present somewhat in detail 
ae following subjects: 

(1) Observations to be made during a boiler trial. 

(2) Appliances used during a boiler trial. 

| (3) Form of report, methods of operation and explanation of 
ee jwons. 


i OBSERVATIONS TO BE MADE DuRING A BOILER TRIAL 


In the report of the committee of the American Society of 
jechanical Engineers,’ 1899, on the revision of the standard code 
‘ry conducting steam boiler trials, two forms of report are submit- 
d,a Complete Form anda Short Form. These are both shown in 
ection III, page 21. The observations necessary to complete 
ther of these formsare givenin Table I. An explanation of 
ome of the methods used in obtaining these observations and 
.e forms used in recording them follow. 


CoaL, WATER AND ASH 


The two fundamental points to be determined in every test of 
‘steam boiler or furnace, regardless of the special or specific 
arpose of such test, are the pounds of water evaporated by the 
nler and the pounds of fuel necessary to produce such evapora- 
pn. To determine these two points it is necessary to know the 
amber of pounds of water fed into the boiler and the pounds of 
el fed into the furnace. The possibility of an error in either throws 
»ubt upon all the indications of the test. Each item, therefore, 
‘ould be ascertained in a manner that proves its own correctness, 
id the records must be such that if errors are made, they will be 
early exposed. 

Coal.—The weight of the coal is best obtained by means of a 
‘rrow or car with a capacity of 500 pounds. The car should be 
aded uniformly each time and weighed on platform scales in 
but of the furnace. The total weight and the time of weighing 
«1d be recorded in the log. From the car the coal should be 
eé directly into the furnace and the weight of the separate 


# See Trans. A. S. M. E, Vol. XXI, p. 34. 
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TABLE I 


OBSERVATIONS TO BE MADE DURING A BOILER TRIAL 


Short Trial | Standard Trial Observations 
| 
1 | 1 Weight of water fed to boiler 
2 | 2 Weight of coal as fired (sample) 
3 | 3 | Weight of ash and refuse (sample) 
4 | 4 Moisture in coal 
5 5) | Steam pressure by gage ; 
6 6 Force of draft: between damper and boiler 
7 uf in furnace 
8g in ash-pit ; : 

8 9 Temperature: of feed water entering boiler 
9 10 of escaping gases from boiler 
i | of external air 

12 of tire-room 
13 of steam 
1B: of feed water entering heater 
15 of feed water entering economizer 
16 of escaping gases from economizer 
17 of gases in furnace 
10 18 Moisture in steam by calorimeter 
19 | Anualysis of flue gases 
| 20 Smoke observations 
21 | Average thickness of fire, intervals of firing 
| 


must then be equal to the difference in weight of the car whe 
loaded and empty. A convenient form for recording the coal fire 
is shown in Horm [. From each car-load of coal fired an averag 
sample of coal should be taken for moisture determination an 
chemical analysis. The sample of course must be taken befol 
the coal is weighed and should be about two per cent of every ca: 
load, or about ten pounds. At the end of the test these sama 
from the different cars are mixed, pounded into small sizes, 
then quartered until enough is left to fill a two-quart jar. The je 
should then be sealed, to prevent loss of moisture, and sent 
the chemist. 

Feed Water.—The water fed to the boiler should be both weig 
and measured, as dependence upon measuring alone will introdu 
errors due to uneven filling and variations in temperature; for #l 
latter, however, corrections may be made. The measuring t 
or preferably two tanks should be set on scales in such a positit 
that the water can be delivered directly into the suction or sé 
tling tank as shown in Fig. 1. The measuring tanks shoul 
filled and emptied alternately, the time of each weighing to | 
noted when the tank is empty, the tanks being designated as - 
1and No. 2. In no case should a simple tally be recorded : 
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Fic. 1 ARRANGEMENT OF TANKS AND SCALE FOR MEASURING 
FEED-WATER FED TO BOILER 


ch tankful, as the liability of error is thereby increased. When 
‘e boiler tested is of small capacity, one weighing tank will be 
ifficient. A convenient form for recording the feed water meas- 
‘ments is shown in Form II. 

To guard against the loss of all data, due to accidents, it is 
ist to have coincident records of the water and coal fed to boiler. 
or this reason itis well to have a float in the suction or settling 
ak, and each time an entire car-load of coal has been fired, the 
ne on the feed water log should be recorded, also the height of 
ter in the boiler and in the settling tank. This will also pro- 
de a check on the uniformity of operations. 

Aeh.—The ashes and refuse should be weighed dry. The time 
‘each raking of the fire and cleaning of the ash-pit and the weight 
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bf ash removed should be recorded in the same log as the weight 
bf coal, Form I. <A representative sample of ash should be taken 
uf every cleaning and saved in order to determine the principal 
characteristics of the ash, a proximate analysis giving the actual 
-mount of incombustible material being made of each sample. 


GENERAL OBSERVATIONS 


Although the main points to be determined in a boiler trial 
ive the weight of water evaporated and the amount of fuel burned, 
ihe general observations of pressures, temperatures, etc., under 
hich this evaporation takes place and which tend to secure the 
iccuracy of these two measurements must not be overlooked. It 
s necessary that all available data be obtained and recorded in the 
9g for use in making comparisons. The value of the observation 
vill depend primarily upon its correctness and the greatest care 
hould be exercised in obtaining and recording observations. Too 
‘ften the observer is guided by personal opinion and former 
eadings, and the value of the observation as an indication of some 
pecific occurrence is entirely lost. 

All general observations should, as nearly as possible, be 

aken at the same instant, the exact time in all cases being recorded 
athe log. Asa rule all observations should be recorded in dupli- 
ate, this being necessary especially where several persons are 
oncerned with the results. Duplicates are easily obtained by 
lacing carbon copying paper below the original log. The dup- 
cates are then obtained as the results are originally recorded. 
‘forms for recording the general observations are shown in 
forms III to V. 
For convenience it is best to have the log sheets tacked to a 
nard, which may be suspended on the wall at some convenient 
int. This avoids the accumulation of dust and dirt when the 
neets are lying around unattached in a horizontal position. 

Sufficient time should elapse between temperature measure- 
sents if only one thermometer serves for taking several observa- 
yons, in order to allow the thermometer to assume the new tem- 
srature. Where the range of temperature is large, however, this 
aould never be practised, and it will be preferable in most cases 
> take only the most important of the readings, being certain of 
S correctness. 
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Determinations of the moisture in the steam are necessary 
make corrections in the amount of water evaporated, and should 
be made at regular intervals and entered in the log. 

The analysis of the flue gases is important as it indicates 
some extent the progress of combustion in the furnace. Notwith- 


though in some instances a record of the COz in the flue gases Is 
regularly kept. The value of the analysis consists in its being 


tinuously over a considerable period of time. This is necessary 
as the composition of the gases varies from minute to minut 
Under ordinary conditions an analysis every half-hour is sufficient; 


Il APPLIANCES USED DuriInG A BOILER TRIAL 


Since the corrections to be applied to the weights of fuel and 
water fed to the boiler are dependent on the general observations, 
the appliances necessary for their determination must be consid- 
ered. The correctness of the observations will depend prima 
on the instruments used and their location. In the following para: 
graphs these are discussed to some extent. | 


DESCRIPTION OF APPLIANCES 
‘ 

A list of the apparatus necessary to take the observations 
given in Section | is shown in Table II. The apparatus required 


TABLE II 


APPLIANCES FOR OBSERVATIONS GIVEN IN TABLE I 


Short Trial | Standard Trial Appliances 


| Measuring and suction tanks for measuring water 
Platform scales for weighing water 

Car or barrow for handling coal 

Platform scales for weighing coal 

Standard calibrated steam gage 

Draft gages, U tubes or otherwise 
Thermometers according to observations made 
Flue gas thermometer 

Pyrometer for furnace temperatures 
Throttling or separating calorimeter 

Orsat apparatus for flue gas analysis 

Smoke charts 
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n the determination of the weights of coal and water was discussed 
n the previous section and needs no explanation other than that 
ihe scales used should be calibrated so that a correction may be ap- 
lied if necessary. The suction tank should also be calibrated so 
that the contents of the tank are known for all positions of the float. 

For measurement of the steam pressure an ordinary steam 
rage calibrated by comparison with a standard gage or other 
q1éans will suffice. A good recording steam gage carefully ad- 
nated and compared at frequent intervals with the steam gage 
»rovides a good check. Various forms of draft gages are used to 
etermine the draft pressure. The ordinary U tube is the most 
ommon form and gives very satisfactory results. A gage of the 
pe shown in Fig. 2 has been extensively used at the University 
ind gives results which can be read with greater accuracy than 
e U tube. 


Fic. 2 DRAFT GAGE 


In the choice of thermometers care should be taken that the 
ange of readings will fall within that of the thermometer. Where 
nermometers are likely to be handled constantly, a metal casing 
: desirable. Where temperatures within a pipe are required, as 
1 steam or water pipes, thermometer cups, as shown in Fig. 3 
‘ill need to be used. 

Hither mercury or a heavy cylinder oil may be used in these 
ups; the former, however, is preferable both for cleanliness and 
seuracy. For the measurement of flue gas temperatures a spe- 
ai mercury thermometer is used, reading up to 1000° F., with 
tuirogen compressed above the mercury. 

The thermometer should be calibrated from time to time to in- 
1v# its correctness. The location of the thermometer will be dis- 
issed in the following section. 
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Thermormerer 


Mercury 
bath 


Fic. 3 THERMOMETER CUP, USED TO OBTAIN TEMPERATURES 
WITHIN A PIPE 


The measurement of furnace temperatures is very difficul 
and no especial form of pyrometer has proved to be entirely sati 
factory. The Wanner optical pyrometer is being used at the Go 
ernment Coal-Testing Plant at St. Louis, and seems to be givin 
fair results. 
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Fie. 4 SAMPLING NOZZLE FOR STEAM CALORIMETER ’ 


For determining the moisture in the steam, as long as tk 
moisture remains below three per cent, any one of several for 
of calorimeters may be used with good results. Above this poin 
all calorimeters are inaccurate, owing to the inability to obtain 
average sample of thesteam. The sampling nozzle, Fig. 4, shou 
be made of 3-in. pipe, and should extend across the diameter 
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1e steam pipe to within half an inch of the opposite side, being 
osed at the end, and perforated with not less than twenty #-in. 
sles equally distributed along and around its cylindrical surface, 
uf none of these holes should be nearer than + inch to the inner 
de of the steam pipe. The calorimeter and pipe leading to it 
would be wel! covered with felt. When a separating calorimeter 
ith attached gage for determining the amount of steam passing 
‘rough the calorimeter is used, such gage should be calibrated by 
‘king readings over twenty minutes in length, and condensing 
e steam passing through the calorimeter during that time, the 
sight of condensed steam being compared with the indication on 
e gage. This should be repeated for the entire range of the gage. 
nperheating should be determined by means of a thermometer 
laced in a mercury well, inserted in the steam pipe. 
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5 FLUE GAS SAMPLER, ADVISED IN THE A. S. M. E. STANDARD CODE 
FOR CONDUCTING STEAM BOILER TRIALS 


Hor determining the composition of the flue gases a sampling 
»e for drawing the sample of gas from the flue is necessary, also 
weratus for analyzing the gas. There has been a great diver- 
y of opinion regarding the method to be used in obtaining the 
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Fic. 6 ORSAT APPARATUS FOR ANALYZING FLUE GAS 


sample, due probably to the varying conditions in different boil 
settings and at different points in the same flue. In the tria 
carried on by the United States Geological Survey at St. Loui 
both the sampler advised in the A. S. M. E. code, Fig. 5, and é 
ordinary pipe closed at the end and perforated with holes equal. 
spaced along its entire length have been used. The results iné 
cate the advisability of using the latter, and it has been adopt 
for use in all future trials. To get a uniform flow through all # 
perforations, they are made of such size and number that the su 
of the areas of the perforations is less than the cross se 
tional area of the sampling tube. The Orsat apparatus is the o1 
mostly used for analyzing the flue gases, as it is simple in oper 
tion, and with a little care gives reliable results. To insure § 
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Fic. 7 ‘THE RINGELMAN SCALE FOR GRADING THE DENSITY 
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total absorption of the various gases, care must be taken that th 
absorbing solutions are in good condition, and they should there 
fore be renewed from time to time. If the flue gas is to be co. 
lected over water, a saturated salt solution should be used, a 
water has a tendency to retain some of the COz when a conside: 
able quantity is present, and to give it up later when there is 
smaller quantity of this gas, thus causing errors in the results 
Fig. 6 shows the type of Orsat apparatus generally used. 

If determinations of the relative density of the smoke are r 
be made during the trial, the Ringelman smoke charts shown 1 
Fig. 7 may conveniently be used. These are placed in a horizon 
tal row about fifty feet from the observer, and as nearly as Col 
venient in line with the chimney. At this distance the lines becom 
invisible and the cards appear as different shades of gray. TI 
observer by glancing from the chimney to the cards determink 
which card most nearly corresponds to the color of the smoke ar 
makes a record accordingly. 


LOCATION OF APPLIANCES 


Of prime importance in taking observations is the location | 
the apparatus used. Onaccount of the variation in different typ 
of boiler settings it will always be necessary to describe clear 
in the report of the test the location of allapparatus. This is be 
done by indicating on drawings or diagrams their position on 41 
setting. 

Feed Water Temperature.—As the methods used in supplyit 
feed water to a boiler vary, so does also the location of the the 
mometer for the temperature measurement of such feed water. 
an injector be used, it should receive steam directly through 
covered pipe from the boiler being tested, and the temperature 
the feed water should in this case be taken from the supply ta: 
furnishing the water to the injector. It is here assumed that t 
heat of the steam operating the injector is returned to the boi 
from which it was taken, so that the supply pipe between the boil 
and injector, if long, should be covered to prevent radiation. I 
pump be used for feeding the boiler, the temperature of the fe 
water should be taken by a thermometer in the discharge pipe 
near the boiler as possible. If this is done, the water may or m 
not be pumped through a feed water heater after leaving the pun 
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is always essential that the heat carried into the boiler by the 
-d water should be known, and it is well to record its temperature 
fore and after it passes through any kind of heater or economiz- 
in order that the effect of such device may be given proper credit. 
The location of thermometers for the determination of boiler 
pra and external air temperatures should be such that drafts or 
at rays will be avoided. The flue gas temperature should be 
«en at a point where the gases leave the boiler and pass into the 
eeching on their way to the stack. As the temperature in a 
wpsverse section of the flue will vary, several readings should 
taken at different points of the same section. Observations of 
2 draft are usually made at several points of the setting. The 
e between the damper and the boiler is, however, the more im- 
rtant, and should be taken at a point close to the flue gas ther- 
pmeter or possibly in the same transverse section. The force 
\draft in furnace and ash-pit may be taken through the firing 
ld ash-pit doors, but is preferably taken through holes left in 
3 side walls. The calorimeter and the thermometer cup for de- 
‘mining superheat should be attached to the vertical steam pipe 
iit leaves the boiler. The sampling tube for the flue gas was 
plained in the last section. It should be inserted in the flue at 
e point where the flue gas temperature and draft are obtained. 


TIl REPORT OF THE TRIAL 


Forms.—The data and results of a boiler trial should be re- 
srted in the manner given in Form VI, which is the complete 
rm advised by the Boiler Test Committee of the American Soci- 
yy of Mechanical Engineers, Code of 1899. The items printed 
i italics correspond to the items in the “Short Form” of report 
commended for commercial tests. For more elaborate trials the 
ide recommends that the full log of the trial be shown graph- 
ally by means of a chart, Fig. 8. 
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FORM VI 


DATA AND RESULTS OF EVAPORATIVE TESTS 


vanged in accordance with the Complete Form advised by the Boiler Test Committee of the 
American Society of Mechanical Engineers. Code of 1899. 


ae of Starting and stopping the test (‘‘standard” or “‘alternate’’) 
2 4D GEES noupeh Bo UCORGEAROOE OT TS OR OSTETC Soar EEO oC Cen ne oe eran ES 


Dimensions and Proportions 


womplete description of the boiler and drawings of the same if of unusual type, should be 
given on an annexed sheet.) 


MMOLE SUTFACE... 2.2. ceeees MOUUUY iretacaicrath wiicre se VON GU mrciseaatea ees ONC Oar enna ena sq. ft. 
ii SEDI, OSPSA UA OVO es eRe, DERE Se ees es aC net ed Rg in 
Neproximate width Of air Spacesin STate. 2... c.cccn cs cecenccace vesneteeseuvonne in. 
roportion of air space to whole grate SULfACE. . occa... ce cee ee ccc e ee cues sees per cent 
Water-heating SURES EOC OCU ACOR OO EAC PLONE OTC RIO RORE ROO RTA EO ICC AACICETEOEC EE sq. ft- 
BBO TIC SOIREE UR OKO Peon ao oe SRA AED, ERM Soe ee TSS MACE ECC anne sq. ft. 
Ratio of water-heating surface to grate SUITACE........ 2... eect eect eee ees —tol 
atio of minimum draft area to grate SULfaCe............ cece ee cone cece ee cence Lto— 


Average Pressures 


PETERS R SILT CN) IO Cee tote eke rores rte ise Shetek fafapecscassieveiaas so Poisons Sele havshe olesiay dctiwlave e eveforele lbs. per sq. in. 

mronce of draft between damper Und DOME”. 0.0.6... cee cw cce ce cecc cecece eveeec wees in. of water 
SePmECCMCNACL RMU TILACO mete e mls Sartore eral teow ities ne meus ciciaere le saree se isiale!= in. of water 
PRECIO LA EOL ASE 1a SIN Dil bevy cate eicta steis/eiste.gapere sl otercaieie vhclaante cva-ne'e/eie wucteron in. of water 


ABET ARAL TS crear orras ts cto ccee te, #ra-e. cut favs Michie v aiferales- Svein Wish c\a/eloieySrereibiad «e108 Siar aye ese ween. opt deg 
MNRAS LOU) IT) PMNS Rem: certele teat ag eam creat Spee yaie iy haa (CHS orice stesecauéce'atel p unverniaveh oreisverh momlavoatvahinaveliiats deg 
Ey TOSCRTTTLS phy yet Gea SSIEO a ea ea SLR os SRP ep cera deg 
BEAR LOT ECDL MOM OA CCL crcycien aie iis sielsies s eleaie sal cievesnejeieisieisis ele ee ie sislelajen, ae deg. 
EOC A ber CO LELINS/CCOMOMUZEN w ciheecea scsi srevsi siapecnisi} onic vsieajaate selgsbieenlele/astaaie vehs deg. 
MCCOMIDOLE? CREEPING DOUCET v ocnior eo veces wesw masses oo teses Sakis ike oma meee deg. 
LET OSCE LUO OOWUET ies :cwidn dela) a(a-eirkcu lacus sian, siciwad die pada al gies year’s Ae as deg. 
ESCA SASCS LLOMCCONOMIZED. oo2cc cae ace ous se cepermewe MO we tna otic meme gine deg. 
Fuel 
PEE TIIOMCG OICEL ET ON eva ci etertrie e nia deisicists Mem ao' ites ois ois icinielsisl eS sieislae sla cilovaclsiaenme Rio” | civtmatermaes 
PEO FEW OOG: TSEC lI M11 S DOLD Bulle eu. bisiste rd ersics oes wcocbio is axe rspniotic) sis nialeveraversvaseawereye @ lbs. 
PMEMBRITIE OAC OHSU EO) rete cree ica ara ernaKareisicis ed misters Se wibre sar diass Seer anes eIats, Seelam ties lbs. 
TIEN TIVOUSTUT CM UIO COM csoteracintercye\aielein.e risletedeva ie alaiieistole tasers ehecaciuistexeisralatelsvereseals wi per cent 
REC) Gh OF, AT COG COTEUIICED oe nivia vu veteiest Ocoee wisn ojo 4 tine /ad deebe We ivieneredien lbs. 
fn CUS, GY COLT OTTE SOO ONES CEE OOOO OOD ODA E IO TEODOR TOT TR CTI lbs. 
EMU SASTICAHOREC EN SO man face aii. cceabslsts sree siehavays/alsieteiattisicitose Serie Gielpletesewcees we )sitseiens siete 
BPREECOMDUStID 1S CONSUMER: fe oa neste ocean: weit od ok e slain ae siarcid.cleisiin ee seie Semeee lbs. 
PenCentage Of ASh ANA TEFUSESN ALY COAL... ccc. csccccavececccsae cescucpececs coves per cent 


Proximate Analysis of Coal 
Of Coal. Of Combustible. 


RPE ELLIO TAT oa cree ric he ooo Ft dee cal Cagis wesc per cent per cent 
IRR TENG ECL 7 cia Neves nolan dens diore ipa wie sirelers a aie oe: Ablane & aiately per cent per cent 
I TBEDE GS rPe e2 et Co  ae arcs farsiec wie yereieisis o's ote aig vie Pas Saad per cent 

ohn BEB GEES OSE CEISET er OIOee rice NCIC ORR OIUIE IGOR per cent a 

100 per cent 100 per cent 
Buephur, separately determined..............0 2... scenes per cent per cent 


*The items printed in italics correspond to the items in the “Short Form of Code,” 


72, 
73. 
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Ultimate Analysis of Dry Coal 


Of Coal. Of Combustible 


(OR a everelm (0) REND Meri CEed nated icrxenarwsoncscrscooe hoagasce per cent per cent 
Hydrogen. (ED): geiccanae ls ceswtes Joa brsteetelaneins heer teuaten ie mae per cent per cent ; 
Oxygen: (O)eaRioekes cates eee re oe EE eer per cent per cent — 
Nitrogen (N) aH ie eRe oon Dem E I eCaTS per cent per cent { 
Salphtr:((S) seis soc tans Sas Aurea ise rn See ence npn per cent per cent 
VG} We ea occ COON DU OEE OOO GrOHO gIuteCAS 250 SSE Og GOODS OOo per cent = + 
100 per cent 100 per cent 
Moisture in sample of coal as received..........--...+-++ per cent per cent 


Analysis of Ash and Refuse 


GLB OD vie. isis fete: sie scalereidh vistors: vee Pereiateta. arelajeeuale oiaalaysiarateke uel eraiele pera temees Tac orotr Ne lolePNGE Sete Eee veet ane) 
BG aca ghee. CU) 2) ee eee ae en ee arene Meena nN Crr ire rc atirgr Der cutiectic ote ance 


DIY COL. COTSUMER DEP HOUT a a ay mation ore Oe Sraltionstotel Cotenahey aeisaiaray estate eee ttre 
Combustible: consumed per HOUr So eeas ee oe cess ieterenves us, ceive) ts etaray whacericree staan eaten 
Dry coal per square foot of GRACE BULTFACE DEP LOUT «does ads ony a alviep aolsie vine ele yee clemn 
Combustible per square foot of water-heating surface per hour............... 


Calorific Value of Fuel 


Calorifie value by oxygen calorimeter, per 10. OF APY COAL... cece cece ene teen cee 
Calorific value by oxygen calorimeter, per lb. of combustible ...... cece ce ee eee 
Calorific value by analysis, per Ib: Of GLY COal ic acia cores cle ereuciceae saree ere Ene 
Calorific value by analysis, per lb. of combustible.... 2... ...... ce eeee eee coer 


Quality of Steam 


PEL centage Of INCIStUE 270: SLEDMN xc wale Se ncnvisiine ener eicierera nie eisai eatin 

Number of degrees: Of Super heaungic. an sege sense ona Nee tene ceeecne teenies 

Quality of steam (dry steam —unity). (For exact determination of the factor 
of correction for quality of steam see section on computation of results.).. 


Water 


Lotalaeront of Water fed. COO Cr tan cee eee tae eee eee 
Equivalent water fed to boiler from and at 212 degrees.......... 62.00. cece eee 
Water actually evaporated, corrected for quality of steam 


Horse-Power 


Horse-power developed. (34% lbs of water evaporated per hour into dry steam 
from and at 212 degrees, equals one horse-power.) 
Builders’ rated horse-power 


Efficiency 


Efficiency of the boiler; heat absorbed by the boiler per poun i 

eee a heat vale of one pound of combusiole oi tis oe Seale 
cuency Of Vorler, including the grate; heat absorbed by the boiler, > pound 
of dry coal, divided by the heat value of one pound or ore coal meet. 


Seta 


RECKENRI 5 
Rea pers FUEL TESTS WITH ILLINOIS COALS 23 


Cost of Evaporation 


Cost of coal per ton——lbs. delivered in boiler room.........05- Samal na ipakago.e $.. 
Cost of fuel for evaporating 1,006 lbs of water under observed conditions..... $.. : ; te 
Cost of fuel used for evaporating 1,000 lbs. of water from and at 212 degrees, Ginette 


Percentage of smoke as ODSON VEC CE Bn. v1 ourtcn strangers areata earns en scene enna per cent 
Weight of soot per hour obtained from smoke meter............ .ccccecceeee ce ounces 
seisish lens spent og bate el taraiaunie cu. in 


Methods of Firing 


Kind of firing (spreading, alternate, or coking) .....¢........e-ee0s. Santas tec 

Beha erbWiGkMeSs Of MNCs newer seve iene seine tech eee ons ae sensi cer alee aes 

Average intervals between firings for each furnace during time when fires 
are in norma! condition é 


PAOLO RTC (COTM thercrsieel areca enor ce reaeine ote acer ete ais TAHA Bake eee 

a aye MIN (CG) ener e | Rees ray Ses otcin aye cecasotet toe enced Net tara gh tins ISTE Ste Seton etonels eta 
PDO UOMO KIC er (OO) Bye. ae, ce cronies eee ho aie as tescys sie aaraLe OMG ope ciate siohtia cu Teves reinhele ry 
RVC uOC eM ANCA y AnOGAT DOMS eye aee cyaeeime tiers nc coir cies cle Gir oem ns aeousme ane = 
BNENO Pe mC VL OCIMCE)) CIN) eticters cre stetcianc tye ccuetoue & ooistes unis tala lucia eecale he ete oie a eer a 


100 per cent 


HEAT BALANCE, OR DISTRIBUTION OF THE HEATING VALUE OF THE COMBUSTIBLE 
PODAT HERAT VALU Mot 1 lb" Of CombustiDles ccss weccns si scrcue sates suger Ise NS LOT 


B.T.U.| Per Cent 


Heat absorbed by the boiler = evaporation from and at 212 degrees 
per pound of combustible X 965. 7. 

Loss due to moisture in coa] = per cent of moisture referred to com- 
pustible+100 X [ (212 —- ¢)-+966-+0. 48 (7 — 212) ] (¢=temperature 
of air inthe boiler room, 7’ —that of the flue gases) 

Loss due to moisture formed by the burning of hydrogen — per cent 
of hydrugen to combustible+100 * 9 X [ (212—¢) +966+0. 48( 7-212) J | 

Loss due to heat carried away in dry chimney gases= weight of gas) 
per pound of combustible X 0 .24 x (7—1?). 6 | 


| 
Loss due to incomplete combustion of carbon = —————_ | | 
CO. + CO 


per cent C in combustible 
10,150. 


100 
Loss due to unconsumed hydrogen and hydrocarbons, to heating the 
moisture in the air, to radiation, and unaccounted for. (Some of 
these losses may be separately itemized if data are obtained from 
which they may be calculated.) 
WANG G ERS Peteratatetrate soo eien create Ye: ozs fos chinve ss 1ore10) wife eo) ayole ave tesaresaceaela oVateelse/stets 


100.00 


\ *The weight of gas per pound of carbon burned may be calculated from the gas analyses as 


pllows: ‘ 

| 1ACOrs = SOla i OOo ON) ; 

- Dry gas per pound carbon ,in which CO,, CO, O, and N are the 

3 (COz + CO) 4 j 

reentages by volume of the several gases. As the sampling and analyses of the gases In the 
exent state of the art are liable to considerable errors, the result of this calculation is usually 

n'y an approximate one. The heat balance itself is also only approximate for this reason as 

-e as for the fact that it is not possible to determine accurately the percentage of unburned 

(yd-ogen or hydrocarbons in the flue gases. ae ; ‘ 

| Tse weight of dry gas per pound of combustible is found by multiplying the dry gas per pound 

if. arbon by the percentage of carbon in the combustible, and dividing by 100. ‘ : 

* *O, and CO are respectively the percentage by volume of carbonic acid and carbonic oxide 

"ise flue gases. The quantity 10,150 = Number of heat units generated by burning to carbonic 


igid one pound of carbon contained in carbonic oxide. 
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STARTING AND STOPPING THE TEST 


Standard Method.—Steam being raised to the working pres- 
sure, remove rapidly all fire from the grate, close the damper, 
clean the ash-pit, and as quickly as possible start a new fire with 
weighed wood and coal, noting the time and the water level while 
the water is in a quiescent state, just before lighting the fire. At 
the end of the test, remove the whole fire, which has been burned 
low, clean the grates and ash-pit, and note the water level when 
the water level is in a quiescent state, and record the time of 
hauling the fire. The water level should be as nearly as possible 
the same as at the beginning of the test. If it is not the same a 
correction should be made by computation, and not by operating 
the pump after the test is complete. 

Alternate Method.—The boiler being thoroughly heated by a 
preliminary run, the fires are to be burned low and well cleaned. 
Note the amount of coal left on the grate as nearly as.it can be 
estimated; note the pressure of steam and the water level. Note 
the time and record it as the starting time. Fresh coal, which 
has been weighed, should now be fired. The ash-pits should be 
thoroughly cleaned at once after starting. Before the end of the 
test the fires should be burned low, just as before the start, an 
the fires cleaned in such a manner as to leave a bed of coal on the 
grates of the same depth and in the same condition as at the start. 
When this stage is reached, note the time and record it as the 
stopping time. ‘The water level and steam pressure should pre- 
viously be brought as nearly as possible to the same point as at 
the start. If the water level is not the same as at the cael 
a correction should be made by computation, and not Des operat- 
ing the pump after the test is completed. 

The two methods given above for starting and SOLE the 
test are taken from the A. S. M. E. Code for conducting steam 
boiler trials. When the alternate method is used, several precau- 
tions regarding the observations are necessary. .The time of 
starting and stopping should be noted when the smallest amount 
of fuel is on the grate, and when it is in the most burned-out con- 
dition, i. e., just before firing fresh coal after cleaning, and when 
the water level is in its most quiet condition and the least raised 
by ebullition. This condition of fire and of water level can be 
duplicated immediately after cleaning the fire, but there is no cer- 
tainty of duplication of any condition when there is a bright “ 


ae oe ns 
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und consequent rapid steaming. If the water level is noted at 
she starting of the test when it is raised by a bright fire, and at 
he end of a test when it is depressed by the stoppage of violent 
ebullition or of rapid circulation due to the cooling of the fire, the 
oiler will be credited with more water than was really evapo- 
rated. As such a fall in water level is easily produced by open- 
g fire doors and checking draft, it should be guarded against 
‘specially when using bituminous or flaming coals. The greatest 
are should also be taken that the bed of coal at the end does not 
ontain more waste material, which belongs to the ash, than it 
lid at the beginning. 


COMPUTATION OF RESULTS 


On account of the variations in the types of boilers and fur- 
aces, no specific directions can be given for the measurement of 
rrate surface, height of furnace and other furnace proportions. 
[The heating surface should be computed from the surface of 
hells, tubes and fire-boxes in contact with fire or hot gases. The 
rutside diameter of water tubes and the inside diameter of fire 
abes should be used in this computation. All surfaces below the 
oean water level which have water on one side and products of 
ombustion on the other are to be considered as water-heating 
jurface, and all surfaces above the mean water level which have - 
team on one side and products of combustion on the other are to 
e considered as superheating surface. 

The following directions show how some of the results to be 
xerived from a boiler trial may be obtained. The calculation of 
ther items is self-evident. 

Item 26, the moisture in the coal, should be obtained by the - 
lhemist by drying the sample collected during the test, for one 
‘our in a sand or air bath at a temperature between 240° and 
80° F. Sometimes the moisture is obtained by drying a known 
suantity of the coal above the boiler; however, if this method is 
ssed, itshould be so stated in the report. The first method is 
‘lways to be preferred. (See Section VI, page 48). 

Item 27—Item 25 x (100—Item 26) 
Item 30—Item 27 X (100—Item 42)—(Item 28 Item 44) 
As this is dependent upon the ultimate analysis of the coal, 
Thich is not always available, the following may be used: 
Item 30=Item 27—Item 28 
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The latter, however, is in error, due to the unaccounted-for 
ash passing over the bridge wall. 
Item 51—Item 50+(100—Item 42) 
or =Item 50~+[Item 27—(Item 28xItem 45)] 
in which the former depends again upon the ultimate analysis of 
the coal. 


Items 52 and 58=14,600 C+62,000(H— 2) +4,000 S, 


~ 


in which ©, H, O and §S refer to the proportions of carbon, hydro- 
gen, oxygen and sulphur respectively, as determined by the ulti- 
mate analysis. P 
H—1146.6—0.48 (T—212) 
L 
lbs. of moisture separated 
lbs. of steam+lbs. of moisture separated 


in which H~total heat and L—latent heat per pound of steam at 
the pressure in the steam pipe, and T—temperature of the throt- 
tled and superheated steam in the calorimeter. The first formula 
applies to throttling and the second to separating calorimeters. 

Item 55 should be taken as the difference between the read- 
ing of the thermometer for superheated steam and the readings 
of the same thermometer for saturated steam at the same pres- 
sure as determined by a special experiment and not by reference 
to the steam tables. 

Item 56=100—Item 54 

For the exact determination of the factor of correction for 

quality of steam we have the following: 


Item 54100 X 


or =100 


For wet steam, F—=Q- eyekiei, and 
jab ali 


For superheated steam, F—=1+ vee, 

F'= factor of correction 

Q = quality of steam 

P= per cent of moisture in steam 

K= degrees of superheating in steam 

H= total heat of the steam due to the steam pressure 

Ti= total heat in the water at the temperature due to the 
steam pressure 


Ji= total heat in the feed water due to the temperature 
Item 59 = Item 57 <Item 56 


in which 


a>"2 
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H—h . : 
Item 60 965.77 2 which H and h are respectively the total 


heat in the steam of the average observed pressure and in water 
of the average observed temperature of the feed. This item may 
usually be obtained directly from steam tables giving the factors 
for different pressures and feed water temperatures. 

Item 61 Item 59x Item 60 

Item 62 = Item 59+Item 2 

Item 63 = Item 61+Item 2 

Item 64= Item 63+Item 7 

Item 65 = Item 6334.5 

This is held to be equivalent to 80 pounds of water evaporat- 
ed from 100° F. into dry steam at 70 pounds gage pressure. The 
former equals 83,317 B. T. U. per hour and the latter 33,805 
= 1. U. per hour. 

Item 66.—This item should give besides the rated horse- 
power the basis (square feet of heating surface) upon which this 
rating is made. 

Item 67 = Item 65+Item 66 

The necessary computations for economic results and effi- 

ciency, items 68 to 73, are indicated in the form of report. 


IV REPORT OF BOILER TESTS WITH ILLINOIS COALS 


The following tables contain a summary of the results of 
boiler tests made by the department of Mechanical Engineering 
at the University of Illinois. For the most part these tests have 
been made, as stated in the introduction, for purposes of instruc- 
- tion in the method of boiler testing, although a considerable num- 
ber were made for investigational purposes or as thesis work. 
Asa rule, they have been conducted under the direct supervision 
of a member of the instructional staff of the department, but at 
times when experiments were being made with special applian- 
ces, the representative of the company interested was present to 
take charge of the test. 


CoALs TESTED 


The coals used in these tests were mostly those purchased 
ander the yearly contracts of the University. In a few cases, 
special coals were purchased, while other tests were made on 
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coals sent to the University by various coal companies and manu- 
facturing concerns to determine the evaporative efficiency or 


their behavior on various kinds of stokers. 


85 coals were tested, representing 14 counties of Illinois. 
These are given in the list below together with the commercial 


size of the coal. 


County Commercial Size 
1 Christian. UID Dia: ans oiauw: aswtacelena bia sncaum bjala macs yx ee esa stoma raters es erase a aia ovenareee Lump 
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an Os). ee rin ete sean of 2 15 bio ce eam oe COC nE BATE MO re Ona rsGramoon lak arurke ste 
Bi GaNlatim iwian. Secince viel oc cyora e -srace) UMOGLOINS saronatorawsssieies servis wraisterales le tr Bioiytetey aimteters tetais os iret hentia 
6 “WACOM. oo fevi neni we accceinate bave-nsde DN LAILULC ales acarsieenrarel a niente diese a Life) ebay Seinen Ore terate to Ona te el ore? saat tee ate eset 
> MG@COUPE I Sas fe reco daiimtine ee AGH ATAMCE i. voiataicrele aie iots Test afaiyi eta dean ape kate a ot eee Lump 
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fb Rh os): eee Reese) 0.0 bi ne Meme arom ha R anc at coon ee ctirranc Mare) Ge acon G 
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16) P@riyiciis sec te ase sa re Se eee reps o MU QDI OUI orev sxe reer erels aie eee evar erevererer Crate vaya eve aie este eee ola eine ee 
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285 Sanegmona occ scope eine RV VOL EON 5.44) 0rs ie cheers lark fuctover Sakata be eNOS cen cee Crete ere 
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27.) Wermiliontenaas nace canine Catlin... 5558 Urs ots siamo ete eee Screenings 
QS VWiermMLOM races oeaerrceereen MAILINOUN Geserte-c orean acer oe aoe ens eee eee Screenings 
20° Merion sc. aieteras eee IMEUURUC TO 2: aato! sm Sicavets josie ecaystzace erases erated nie ara aN rence 
0" “VernmiiiGnic eancctetarnecaac ates OBIE WOO Ss as.an = craieecnctons ails siecle ne eae te 
St o Vermiligtc. oicsccs cence Oak W008. dcinecseaeiee sacs oe Soe eee ne 
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34> SVVallliamisone. specie seceecee Ferns ieee AGS Re ohare .New Kentucky Pea 
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BoILERS TESTED 


The tests were made at the power plants of the University 
and the neighboring towns, under water-tube and fire-tube boilers 


of the following types: 


Stirling water-tube boiler........ 2 settings 
National water-tube boiler. . 2 settings 
Heine water-tube boiler. 1 setting 


Babcock & Wilcox ote ibe holcee . 8 settings 

Horizontal tubular boiler ...............11 settings 
The settings of these boilers include the following: 

1 Murphy smokeless furnace 

2 Roney automatic stokers 

2 Green chain grate stokers 
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1 Babcock & Wilcox chain grate 

1 Brightman stoker 

The remainder of the furnaces were hand-fired with plain or 
rocking grates. 


RESULTS OF TESTS 


The results of these tests are shown in Tables III and IV, ar- 
ranged according to the counties in which the coal was mined. 
Table IIT gives the conditions of temperature, pressure, heating 
surface and grate area under which the tests were made, and 
Table IV gives a few of the most important results. In some 
cases the heat value of the coals used was not obtained and sey- 
eral of the columns dependent upon it are left vacant. The head- 
ings of the tables are self-explanatory. Where a series of tests 
was made with the same coals under like conditions, the average 
of the series is reported together with the number of tests in the 
series. Where the coal and steam have been assumed moisture 
free and when the moisture in the coal was obtained by drying a 
known amount above the boiler, indications have been made in the 
tables. 

In the computation of results, the usual correction for qual- 
ity of steam by proportional weights of steam and water was used. 
The combustible was computed from the weights of coal and ash 


‘and not from the ultimate analysis of the coal, and it is, therefore, 


in slight error to the extent of the ash which passed over the 
bridge wall. The basis for the rating of the boilers varied from 
10 to 15 square feet of heating surface per horse-power according 
to the different types of boilers used. The B. T. U. of the coal, 
given in the table, were obtained from an analysis of the sample 
taken during the test. 


DISCUSSION OF RESULTS 


On account of the wide variation of conditions obtaining in 
the tests reported, an exact comparison was hardly possible. A 


general comparison of results with different types of boilers and 
_ erates has, however, been attempted. Such a comparison is 
: shown in Table V, which contains the general average of the re- 
| cults ofall trials made with the same type of boiler and grate, 


isrespective of all other conditions. It also shows the average of 
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the results of the ten highest tests together with the single high 
est result obtained. The vasis of comparison is the equivalent 
pounds of water evaporated from and at 212° F. per pound of dry 
coal. The same table also contains the average of the results of 
six tests with Illinois coals made by the Boiler Division of the 
Fuel Testing Plant of the United States Geological Survey at St 
Louis. It is interesting to note that in these latter tests in which 
hand-firing and plain grates were used, the results obtained a 
better than any of the others recorded, including the results ot 
tests in which mechanical stokers were used. This fact may b 
taken to indicate that the maximum efficiency of Illinois coals 
rarely obtained under present average conditions. It is probable 
that with a closer study of furnace conditions, even these results 


bustion. The results of these tests are given below. 


RESULTS OF A BOILER TRIAL SHOWING EFFECTS OF RATE 
OF COMBUSTION ON THE PERFORMANCE OF 
HORIZONTAL 'TUBULAR BOILER 


Dry coal per square foot of 
grate surface per hour 6.80 9.30 11.00 12.00 14.00 

Equivalent evaporation 
from and at 212° F’. per 


pound of dry coal 6.20 6.55 6.57 Crist 5.75) 
Horse-power in per cent of 
rated capacity (40) 52 50 87.50 107.50 115.00 122.50 


gases 432.00 447.00 501.00 516.00 


Temperature of escaping 
553.00 


- 


The same kind of coal was used in all these tests, and conditions 
remained nearly constant. It is evident that the maximum results 
were obtained with the boiler running at its rated capacity, witl 
the flue gas temperature about 500° F. With an increase in the 
rate of combustion, the capacity and flue gas temperature increased 
and the evaporation dropped off. . 

2, Tests to determine the effect of soot deposits on the evat 
oration of a smatl horizontal tubular boiler. These tests were ma 


on the same boiler as the preceding series and with results 
follows: 
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RESULTS OF BOILER TRIALS MADE TO DETERMINE THE 
EFFECT OF SooT DEPOSITS ON THER EVAPORATION 
OF A HORIZONTAL TUBULAR BOILER 


Dee Second Series Seay eae 
Soot allowed SEL Soot allowed to 
to remain on each morning remain on 
tubes tubes 
auivalent evaporation from and at 
212° KF. per pound of dry coal 6.20 7.04 6.23 
“rv coal per sq. ft. of grate surface 
per hour 13.40 9.09 13.40 
\oxse power in per cent of rated 
capacity 111.00 99.00 115.00 
mmperature of escaping gases 627.00 546.00 698.00 


It is evident from the results that the effect of the soot de- 
sit on the evaporation is not very marked. It is interesting to 
te that in the first and last series, in which the soot was allowed to 
amain on the tubes, the soot burned upon reaching a certain 
nickness, leaving but a very thin layer. In all three series the 
onditions were held as nearly constant as possible, although in 
je second series the load fluctuated somewhat on the different 
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3. Tests of a water-tube boiler with chain grate stoker to 
etermine the relative economy of a.6-inch and an 8-inch fuel bed 
ith various rates of combustion. 

_ The results of these tests are best shown by the curves in 
a. 9. : 


LBS. OF WATER EVAP. INTO 


(343 
PER POUND OF DRY COAL |DRY STEAM F&A. 212° PER HR=! H-P) 


EQUIVALENT EVAPORATION | HORSE-PowER DEVELOPED 


FROM AND AT 212° FAHR. 


25 40 
DRY ee PER ee fT Or eens SUREACS ee HR.-LBs. 


iG. 9 CURVES SHOWING THE RELATIVE ECONOMY OF A 6-INCH AND 
| 8-INCH FUEL BED IN A CHAIN GRATE STOKER 


They show that under the conditions of the test, the 8-inch 
re was the more efficient, giving an equivalent evaporation per 
ound of dry coal 10 per cent greater than the 6-inch fire, when 
erating at the rated capacity of the boiler. The same coal was 
sed throughout this series. The averages of the results of these 
“sts are reported in Tables III and IV, viz., Nos. 41, 42, 43 and 
. In Figs. 10, 11 and 12 are shown a few of the characteristic 
esults of boiler trials made on water-tube boilers with chain grate 
“exers. These diagrams are plotted from the results of 38 
rials, and each point on the diagram represents the average of 5 
rials. It is safe to assume, therefore, that the results represent 


verage conditions. 
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Fic. 10 CHART SHOWING VARIATION IN BOILER PERFORMANCE WIT 
COALS OF DIFFERENT HEAT VALUE 


Fig. 10 shows the results of trials, in which coals of highes 
lowest and mean heat values were used, plotted on a basis of hea’ 
value. The sudden drop in the equivalent evaporation per poum 
of dry coal, with coals of low and medium heat value is no doub 
due to the large increase in the flue gas temperature with cor 
stant rate of combustion and capacity. With coals of medium an 
high heat value the equivalent evaporation increases with increa 
ing rate of combustion and capacity, the flue gas temperature 
remaining constant. It is evident from the diagram that the effect 
of the heat value of the coal is not very marked, a large increase, 
however, other conditions remaining constant, causing an increase 
in the evaporation per pound of coal, as will be seen in Fig. 12. 
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1 Fic. 11 CHART SHOWING VARIATION IN BOILER PERFORMANCE WITH 
VARYING RATES OF COMBUSTION 


In Fig. 11 the results of a boiler trial are plotted on a basis 
f rate of combustion. It is evident from the diagram that the 
quivalent evaporation per pound of dry coal increases with the 
ate of combustion until the capacity reaches 100 per cent, or the 
ated capacity, the heat value of the coal remaining approxi- 
nately constant, the flue gas temperature at this point being 500° 
". With a further increase in the rate of combustion the capacity 
md flue gas temperature still increase but the equivalent evapo- 
ation per pound of coal decreases. This curve, if it may be called 
uch, might be named the characteristic curve of the boiler, and 
s important because it shows the rate of combustion above which 
ae evaporation per pound of coal decreases. 
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Fic. 12 CHART SHOWING VARIATION IN THE PERFORMANCE 
OF A BOILER WORKING AT DIFFERENT CAPACITIES 


The effect of capacity on the evaporation is shown by the 
diagram in Fig. 12. Itis seen that here as in the previous fig- 
ure the evaporation per pound of dry coal again increases with an 
increase in the capacity due to an increased rate of combustion. 
However, instead of attaining a maximum at 100 per cent capacity, 
it increases with a further increase of capacity and rate of com- 
bustion. At first sight this seems contradictory to the previous 
diagram, Fig. 11; however, it is evident that this increase is not 
due to this further increase in the rate of combustion and capacity, 
but is due to the sudden increase in the heat value of the coal 
(about 10 per cent) used. 


V ARRANGEMENTS FOR FuTURE FUEL TESTS 


In publishing this bulletin it has been the desire to record the 
results of the most important tests of boilers fired with Illinois 
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oals, that have been made uptodate. During the year 1906 the 
Engineering Experiment Station at the University purchased 
and installed a plant designed especially for conducting a series 
of fuel tests of Illinois coals. The plant consists of a 210 H. P. 
Heine water-tube boiler together with a Green chain grate stoker 
and a Sturtevant economizer and induced draft fan and engine. 
This boiler is a duplicate of the boilers used by the United States 
government in the fuel tests in progress at St. Louis under the 
‘direction of the United States Geological Survey. It was thought 
that in this way the fuel tests here at the University would be in 
"a Measure comparable with the tests made by the government on 
coals from all parts of the United States. 

The rapid growth of the industrial interests of Illinois de- 
mands a careful study of the great fuel supply, and no effort 
should be spared in the introduction and promulgation of improved 
‘methods and processes in the production, treatment and con- 
‘sumption of its coal. In the tests of Dlinois coals which it is now 
|] proposed to make, less attention will be paid to routine boiler 
itests, familiarly known as such, and more attention will be given 
ito a scientific study of fuel treatment before burning and to a 
‘study of those furnace constructions and conditions which give 
| promise of maximum results. In order that future tests may be con- 
‘ducted along lines which will meet with the general approval of 
{the various interests of the state, a Conference Committee on 
Fuel Tests has been appointed consisting of the members named 
| below and representing the organizations indicated: 

H. Foster Bain, Director State Geological Survey, Urbana, 
‘TlL., representing the State Geological Survey; 

A. Bement, Consulting Engineer, Chicago, the Western 
| Society of Engineers; 

Edwin H. Cheney, President Fuel Engineering Co., Chicago, 
the Building Managers’ Association of Chicago; 

F. H. Clark, Gen. Supt. Motive Power Burlington Road, 
C. B. & Q. Ry., Chicago, the Western Railway Club; 

Adolph Mueller, President H. Mueller Mfg. Co., Decatur, 
1l., the Illinois Manufacturers’ Association; 

Carl Scholz, President Coal Valley Mining Co., Chicago, 
tae Illinois Coal Operators’ Association; 

A. V. Schroeder, Decatur Railway and Light Company, 
Decatur, Ill., the State Electric Light Association; 
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L. P. Breckenridge, Director Engineering Experiment 
‘Station, University of Illinois, Urbana, Il. 
Reference has been made to the government fuel tests at 
‘St. Louis. It should be stated that the work of the boiler division 
f these tests has been carried on under the direction of the 
Director of the Illinois Engineering Experiment Station, who 
will also have charge of the tests made at the University of Illinois. 
Copies of Professional Paper No. 48, containing a report on the 
operations of the government coal testing plant at St. Louis may 
‘be obtained upon application to a member of Congress or to the 
Director of the United States Geological Survey, Washington, D.C. 
It is not the intention of this bulletin to discuss the subject of 
fuel testing. A future bulletin will take up that subject and will 
also describe in full the plant provided for such tests at this 
University. Attention is called, however, to the facilities now of- 
fered for this important work. It is hoped that mine owners and 
manufacturers will find it advantageous to cooperate with the En- 
gineering Experiment Station in the proposed tests. The Station 
Staff will always be glad to receive such suggestions concerning 
this work as those interested may desire to offer. 


VI CHEMICAL ANALYSIS’AND HEAT VALUES OF 
ILLINOIS COALS 


By S. W. PARR, Professor of Applied Chemistry 


The accompanying results of chemical analyses of Illinois coals 
‘may be divided into three classes: first, those which were directly 
‘connected with the boiler tests conducted by the department of 
‘Mechanical Engineering, and which are listed in a separate table, 
1covering such work from the year 1894 to 1905; second, in connec- 
‘tion with thesis work by Mr. F. C. Koch in 1901, there were 
‘assembled by him the results of all analyses of Illinois coals which 
‘had been made by the department of Chemistry previous to that 
‘date. These results were published together with his own work 
in a bulletin through the courtesy of Secretary Ross of the Bureau 
‘ef Labor Statistics in the report of that Bureau in 1902. They 
‘gre designated in the tables by the letters B. L.S. The third 
‘series of results comprises the work on one hundred fifty 
samples of Illinois coal collected in 1904 and published ina 
separate bulletin in connection with the exhibit of mines and min- 
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erals at the St. Louis Exposition. These results are designated | 
in the tables by S. W. P. The sum total of data which has thus 
resulted, while of a somewhat desultory nature, constitutes a very | 
considerable contribution to our knowledge of the constituents of 
Illinois coals. It is to be noted that the processes employed in 
connection with this series were confined almost exclusively to the § 
method of proximate analysis. In the future the more exacting” 


does not always follow that their use of terms is in accord. . 
Moisture.—Moisture in coal is constantly undergoing a change 


boiling water. This moisture is described as hygroscopic. If now 
the chemist works upon a sample which is overcharged with mois- 
ture, as is the condition when the sample is freshly mined, it will 
be constantly losing in weight and modifying his results. Simi- 
larly, if he works upon a sample which has been completely dried 
in the oven, it will have great avidity for moisture and be con- 
stantly gaining in weight throughout his work. He, therefore, pro: 
ceeds in his determinations, as a rule, with the coal in that condi- 
tion which is least affected by external conditions, viz., in the air- 
dry state with the normal amount of hygroscopic moisture pre- 
sent, but without the excess of water, which might be termed 
water of saturation. 

Therefore, we have three distinctly different conditions: first. 
the wet coal; second, the air-dry coal; and third, the oven-dry 
state. The engineer, however, not having to do with the condi- 
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sions under which the chemist works, recognizes only the two 
phases, either the wet or dry, and by this latter term he means 
she oven-dry state. The failure on the part of the engineer and the 
chemist to recognize these terms often leads to misinterpretation 
of results. The chemists, therefore, should agree to such use of 
erms relating to water as have become firmly established in en- 
mineering literature: viz., that dry coal refers to moisture free 
veal or to the oven-dry state, and second, that wet coal refers to 
the condition as received or previous to any process of air-drying, 
gud that it is one or the other of these conditions that is of inter- 
2st to the engineer, regardless of how important it may be to the 
shemist to proceed upon the basis of the air-dry condition. 

It may not be out of place further to indicate how results may 
be transferred from one basis to the other. It is not an uncom- 
on practice for the chemist to report his results on the air-dry 
oasis, in which case he should also report the amount of moisture 
ost upon air drying, provided his sample comes to him sealed in 
such a way as to make this factor possible. Suppose, for exam- 
ple, that the loss of moisture upon air-drying is 4 percent, then 
all his results reported on the air-dry basis would be changed 
to the wet coal basis by multiplying each by 96 per cent; not by 
dividing by 104 per cent as is often erroneously done. This will 
make small difference in a constituent which has a low percentage 
factor, but the error is very considerable in a factor like the fixed 
sarbon which is from 40 to 50 per cent. This may seem like a sim- 
ple arithmetical problem to mention in this connection, but it is 
pone not always correctly interpreted. 

Conversely, if it is desired to change factors to the dry coal 
basis, each factor should be divided by 100 minus the percentage 
sontent of water in that condition from which the transfer is be- 
ing made. For example, if we are calculating this coal from the 
air-dry state, supposing it to have 6 per cent of moisture present, 
aach factor should be divided by 94 per cent, but it should be noted 
that if we are calculating from the wet-coal condition our divi- 
sor will not be 100 per cent minus the sum of the two factors, 6 and 
4, as in the above illustration, but 100 minus 96 per cent of 6 
ypius 4, or 90.24. Here again is a not uncommon place for stum- 
bing in what might seem to be a simple arithmetical problem. 

Volatile Matter.—When coal is subjected to high temperature 
xt of contact with the air, a considerable amount is driven off as 
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volatile matter. This includes, also, of course, any moisture in { 
the sample, if we start with a portion which has not been dried in 
the oven. Now an even greater discrepancy in the use of terms | 
has come into use in connection with this constituent than is the | 
case with different forms of water. One of the oldest terms is 
that of volatile carbon. This is both incorrect and meaningless” 
because carbon is not volatile, and because the constituents of this 
material are numerous and complex. The term that is perhaps most . 
frequently met designates this material as volatile combustible, 
This again is incorrect and misleading, as this material in the or- 
dinary bituminous type of coal has from one-third to one-half of its” 
weight made up of non-combustible material. It is evident, there- © 
fore, that the only proper term among those commonly in use for 
this constituent is that of volatile matter. The only restriction in- | 
deed in connection with this term is to understand, as is the uni- 
form custom, that the moisture of the coal is not included. A word 
may be in place here in connection with a term which is occasion- 
ally met, and is likely to be more frequently used than formerly. 
This term is intended to designate that part of the volatile matter 
which does not burn. This constituent is sometimes referred to 
as ‘‘water of composition”. It is not included in any of the re- 
suits listed in the following tables, and hence its use does not en- . 
ter into any of the discussions in this bulletin. It is noted in this 
connection, however, in order that it may not be confused with | 
any of those terms which are intended to designate the water in 
its ordinary form and which are capable of being driven off at_ 
the temperature of boiling water. This property does not belong — 
to the water of composition, as this substance like the other part — 
of the volatile matter, requires a red heat for its dissociation. 
Fixed Carbon and Ash.—Concerning these constituents there 
is no disagreement as to the use of terms unless it be the occasion- 
al use of the word coke. Coke in its proper and technical sense 
should apply to the residue including the ash after subjecting the 
coal to destructive distillation. It is, therefore, not proper to 
designate the fixed carbon as coke, though it would be proper, of 
course, to use the term “‘coking carbon” in this connection. The 
preferable term and the one commonly employed, however, for 
this material is that of fixed carbon. 
Methods of Analysis.—The methods of analysis employed are 
those in common use and their description is so easily accessible 


yes — ia 


BRECKENRIDGE, ee 
Ay creel ee FUEL TESTS WITH ILLINOIS COALS ie a: 


that no repetition is necessary here. Reference may be made to 
the report of the committee of the American Chemical Society on 
coal analysis.! 

Calorijic Value-—The determination of heat units in coals is, 
of course, a necessity in connection with any well conducted boiler 
est. Two systems of units are employed, viz., the kilo calories 
nd the British Thermal Units, designated as B. T. U. Each unit 
s the measure of heat imparted to the water by an equal weight 
35 coal. They would, therefore, be identical if it were not for the 
fact that the one is read on the Centigrade scale and the other on 
the Fahrenheit scale. The transfer, therefore, of calories per 
ilo over to B. T. U. per pound is effected by multiplying by the 
ratio of 9:5 or 1.8. 

There are four types of instruments in use for measuring the 
eat value of coals. The first and most elaborate is the Mahler 
nstrument which has numerous modifications as to detail, but 
hich embodies the use of a steel bomb capable of maintaining 
xygen from twenty to twenty-five atmospheres pressure. The 
ext in the order of time is the Fisher calorimeter which burns 
the sample of coal in asmall chamber supplied with oxygen at at- 
ospheric pressure. The third type may be designated as the L. 
ompson calorimeter, wherein the coal is mixed with a chemical 
hich in itself supplies the oxygen for carrying on the combus- 
tion and in which the gaseous products are allowed to bubble up 
through the water, thus imparting their heat to the liquid. The 
fourth type may be designated as the Parr calorimeter which also 
employs a chemical having its own supply of oxygen, but which 
bsorbs the gaseous products, thus retaining all the heat of the 
reaction for more accurate measurements by the thermometer. Of 
the second and third types, it may be said that owing either to in- 
completeness of combustion or to loss of heat by transmission of 
the gases, results are obtained which are not of sufficient accuracy 
for reliable work. Results from the Thompson calorimeter are 
reported by certain authorities to admit of variations amounting 
to 15 percent. The Mahler type of calorimeter is accurate when 
overated by one thoroughly familiar with such processes. The 
arr calorimeter is the one used in connection with the analyses 
an these tables of all coals made since 1900, and is now the instru- 


a« 


lJour. Am. Chem. Soc. Vol. XXI. p. 1130. 
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ment most commonly used in technical work. A brief description 
of this apparatus follows: 
Fig. 13 shows the relative position of parts. The can A.A. 
for the water has a capacity of 2 litres. The insulating ves- § 
sels B.B. and C.C. are of indurated fiber. The charge of coal and } 
chemical is put in the cartridge D. Uponignition, the heat gen- | 
erated is imparted to the water and the rise in temperature is in- | 
dicated on the finely graduated thermometer T. The cartridge — 
or bomb rests on the pivot F and is made to revolve, and by aid , 
of the small turbine wings attached effects a complete circula. 
tion of the water and equalization of temperature. 
The reaction accompanying the combustion may be repre; * 
sented by the equation: 
56NayO, + CosHys03 — 25 Na,CO; + 18 NaOH + 22 Na.O 


Sod. perox. Coal Sod. carb. Sod. hydrate Sod. oxide 


CHP MIME 
ee bite ae | 


COLTRI | WITT 


\\ 


[Steam 
Y All 
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With certain substances such as coke, anthracites, petrole- 
ams, etc., a more strongly or vigorously oxidizing medium is 
needed than exists in the peroxide alone. This may be secured 
oy various additions. The most effective are: A mixture of po- 
tassium chlorate and nitrate in the proportion of 1 to 4 and this 
mixture used in the ratio of 1 to 10 of the sodium peroxide; an- 
ather effective mixture is an addition of potassium persulphate in 
he ratio of 1 to 10 of the sodium peroxide. Other substances fa- 
silitate the oxidation, notably ammonium salts and certain organic 
substances, as tartaric or oxalic acid, benzoic acid, etc. In the 
ork on Illinois coals, while ordinarily no extra chemical would 
be necessary, still in certain cases, such as extra slaty coals and 
soals with excessive volatile matter, and also to guard against 
variations in the quality of the sodium peroxide, a mixture as first 
described above, of chlorate and nitrate, has uniformly been 
used throughout these tests. 

Further extension of the use of the instrument to other types » 
of coal and to petroleum has made it necessary to extend still fur- 
ther the oxidizing power of the chemicals employed beyond what 
is afforded by the chlorate mixture. In addition to this the use 
of the residue for determining the total carbon and sulphur has 
ade it highly desirable in such additional chemicals to avoid the 
use of compounds containing carbon or sulphur. To meet these 
Gonditions, the so-called ‘‘boro-mixture” has been devised. It 
Bonsists of: 


EROTIC MIC en ities ha Se ie a kes be Darts 
Potassium chlorate. Rie ees eed ae, DALES 
Magnesium powder......... at wires EDDY 


Its correction factor is foun by Gal. with a pure chemical of 
known heat value, such as napthalene or by burning with a coal 
hose heat value is already accurately known. This mixture has 
the further advantage of carrying on a combination with material 
so low in carbonaceous matter as to be non-burning by ordinary 
ethods, such as ashes and coals of very high ash content. 

Still further modifications relate to the bomb as shown in 
‘Pig. 14, and have to do mainly with the avoidance of screw 
threads on the interior of the combustion chamber, especially in 
‘tke upper part, where particles tend to lodge and thus escape 
cembustion; also in jacketing the lower part of the chamber to 
void direct contact with the water, thereby avoiding rapid 
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cooling of the parts and extending somewhat the period of high f 
temperature, thus securing a more perfect combustion. Te | 


Fie. 14 


lating the calorific value of coal have been proposed, but no 
method can be said to have any value which is not based on @ 
knowledge of the percentage constituents of the total carbon, 
available hydrogen and sulphur: Even under these conditions — 
the results by calculation are not always in agreement with the in- 

dicated results by means of the calorimeter, and in any event, of © 
course, results from proximate analysis do not furnish the neces: 
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sary data for this calculation. When this method is used the Du- 
jong formula is considered the most nearly accurate and is as 
follows: 

Cal. = 8080 + 84,500 H + 22508 
In the results here recorded the necessary factors were not 


always available for applying this formula, but it is the one used 
wherever calorific values by calculation are included. 
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BRECKENRIDGE, 
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TABLE VIII 


List of ILLINOIS CoALS ANALYZED. ARRANGED BY TOWNS 
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TABLE VIII (Concluded) 
Ref. Number 
Town County in Table of 
Analyses 
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